23 This study investigated the association between attention-deficit/hyperactivity disorder (ADHD) 24 symptomatology in preschool-aged children who were born very preterm (<32 weeks) and cognitive 25 outcomes, clinical risk and socio-demographic characteristics. 119 very preterm children who participated 26 in the Evaluation of Preterm Imaging Study at term-equivalent age were assessed at a mean age of 4.5 27 years. Parents completed the ADHD Rating Scale IV, a norm-referenced checklist that evaluates ADHD 28 symptomatology according to diagnostic criteria, and the Behavior Rating Inventory of Executive 29 Function-Preschool version. Children completed the Wechsler Preschool and Primary Scales of 30 Intelligence and the Forward Digit Span task. Longitudinal data including perinatal clinical, qualitative 31 MRI classification, socio-demographic variables and neurodevelopmental disabilities were investigated in 32 relation to ADHD symptomatology. All results were corrected for multiple comparisons using false 33 discovery rate. Results showed that although the proportion of very preterm children with clinically 34 significant ADHD did not differ from normative data after excluding those with neurodevelopmental 35 disabilities, 32.7% met criteria for subthreshold ADHD inattentive type and 33.6% for combined type, 36 which was higher than the expected 20% in normative samples. Higher ADHD symptom scores (all) were 37 associated with greater executive dysfunction (inhibitory self-control, flexibility, and emergent 38 metacognition, corrected p<0.001 for all tests). Higher inattentive ADHD symptom scores were 39 associated with lower IQ (ρ=-0.241, p=0.036) and higher perinatal clinical risk (more days on mechanical 40 ventilation (ρ=0.206, p=0.025) and more days on parenteral nutrition (ρ=0.223, p=0.015)). Higher 41 hyperactive ADHD symptom scores instead were associated with lower socio-economic status (ρ=0.278, 42 p=0.002). These results highlight the importance of monitoring and supporting the development of very 43 preterm children throughout the school years, as subthreshold ADHD symptoms represent risk factors for 44 psychosocial problems and for receiving a future clinical diagnosis of ADHD. 45 3 46 List of Abbreviations and Acronyms: 47 ADHD (Attention-deficit/hyperactivity disorder) 48 MRI (magnetic resonance imaging) 49 NDD (Neurodevelopmental disability) 50 51 52 53 54 55 56 57 58 59 60 4 61 Introduction 62 Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental condition which affects 5-7%
172 To assess the prevalence of inattention and hyperactivity/impulsivity, a data-driven clustering procedure 173 was also used on the ADHD-RS-IV scores to fractionate the sample into groups, defined by the imbalance 174 between their inattentive and hyperactive/impulsive symptoms, similar to (30). An Expectation-175 Maximisation (EM) algorithm fitting a Gaussian mixture model was used to identify relatively 176 homogeneous groups of cases. Coordinates for centroids were initialized by running k-means clustering, 177 for which centroid coordinates were initialised at random.
178 The associations between ADHD symptoms, IQ and neurocognitive skills (phonological short-term 179 memory, inhibitory self-control, flexibility and emergent metacognition) were investigated using non-180 parametric Spearman's rank-order correlation. Analyses were run after exclusion of children with NDD 181 and p values were always corrected for multiple comparisons using a false discovery rate (FDR) approach 182 controlling alpha error to 5% (31). Spearman's correlations were used to investigate the relationship 183 between ADHD symptoms and perinatal clinical variables and socio-economic status. Sex differences in 184 ADHD scores were investigated using the Mann-Whitney U test. After testing for the presence of 185 significant outliers (calculated using an interquartile range), variance homogeneity among groups 186 (Levene's test of Equality of Error Variances), and approximately normal distribution in the different 187 groups, Kruskal-Wallis tests were used to test the association between severity of neonatal brain 188 abnormalities and ADHD symptoms.
189
Comorbidities between NDD and behavioural problems were defined by having NDD plus ADHD 190 symptoms above the 90 th centile of the sex-matched normative score distribution. 218 219 220 Sex differences in ADHD symptomatology 221 Mann-Whitney tests showed no sex differences in inattentive (U = 1.429; p = 0.082), 222 hyperactive/impulsive (U = 1.656; p = 0.598) and combined ADHD symptom scores (U = 1.536; p = 223 0.243), even after exclusion of children with NDD.
225 Associations between ADHD symptomatology and cognitive variables
226 After excluding children with NDD, higher inattentive ADHD symptom scores were associated with 227 lower full-scale IQ (ρ = -0.245, p = 0.011) but not with hyperactive and combined ADHD symptom 228 scores (ρ = -0.135, p = 0.168 and ρ = -0.190, p = 0.050, respectively). Higher ADHD symptom scores 229 (all) were associated with poorer inhibitory self-control, flexibility and emergent metacognition scores, as 230 shown in Table 3.   231   232 Table 3 . Associations between ADHD-RS-IV symptom subtype scores and cognitive outcomes after 233 exclusion of children with NDD (n=107). 238 Higher inattentive ADHD symptom scores were associated with more days on mechanical ventilation 239 (ρ(119) = 0.196, p = 0.032) and more days on parenteral nutrition (ρ(119) = 0.222, p = 0.015). All results 240 survived FDR correction. There was no evidence of differences in ADHD symptom scores according to 241 severity of perinatal brain lesions (inattentive, H = 3.038, p = 0.219; hyperactive, H = 1.646, p = 0.439; 242 combined, H = 1.858; p = 0.395).
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Hyperactive/impulsive and combined ADHD symptom scores were correlated with higher IMD 
259
In addition to the high subthreshold ADHD inattentive symptom prevalence, our results showed 260 that inattention was a core deficit in this sample of very preterm children. K-means clustering identified a 261 group of very preterm children with predominantly inattentive or combined symptoms, but did not 262 identify a subgroup of children with predominantly hyperactive/impulsive ADHD symptoms. This is in 263 contrast with what described by Sanefuji and colleagues (2016) who similarly used k-means clustering in 264 a sample of 165 children diagnosed with ADHD and were able to parse children based on the three 265 typical ADHD clinical presentations (30).
266
Psychiatric risk in extremely preterm children has been found to be higher in those with coexisting 267 neurodevelopmental disabilities (35), although neurodevelopmental disabilities have been also associated 268 with psychopathology irrespective of very preterm birth (36). In this study, up to two thirds of children 269 with clinically significant ADHD-inattentive symptoms had comorbid neurodevelopmental disabilities, as 270 did one quarter of those with clinically significant ADHD-hyperactive/impulsive symptoms. In atypically 271 developing children a complex relationship exists between cognitive outcome, biological and 272 environmental factors (37), and here we attempted to elucidate the association between ADHD 273 symptomatology, cognitive and environmental outcomes, cerebral injury and perinatal clinical risk.
274
Inattentive ADHD symptoms were associated with lower IQ, which has been studied as a 275 longitudinal predictor of educational outcomes (20). There is a strong phenotypic association between 276 ADHD and lower IQ which has been attributed to shared genes (38) and previous research suggested that 277 this association may be particularly strong for inattentiveness (39). It is therefore possible that preterm 278 birth may share common genetic influences with IQ and academic achievement (40).
279
Previous findings in older preterm children suggested that a core executive difficulty underlined 280 their inattentive problems (13, 41, 42), while the current study reported an association between higher 281 ADHD symptoms (all types) and executive scores. These included inhibitory self-control, flexibility and 282 emergent metacognition, which refers to the process of active control over one's own cognition, 283 encompassing processes involved in self-appraisal and self-management (43) and have been studied as 284 core features of ADHD (44, 45). The lack of ADHD symptom specificity in relation to executive 285 functions observed here could be explained by methodological issues associated with modelling executive 286 function early in development (46). More studies are therefore required to further investigate these 287 associations.
288
The current finding of a positive correlation between inattentive ADHD symptoms and perinatal 289 medical complications suggests that preterm-born pre-schoolers display a phenotypic profile that differs 290 from that observed in the general population, with aetiological underpinnings in the clinical risk 291 associated with preterm birth. This was assessed using markers of general infant health: number of days 292 of parenteral nutrition (reflecting gut failure) and number of days spent on invasive ventilation via 293 an endotracheal tube (reflecting respiratory failure). In a larger sample of infants the current study 294 participants were drawn from, these two risk factors were independently associated with lower fractional 295 anisotropy values throughout the white matter at term equivalent age, reflecting alterations in brain 296 development (47). These results suggest that although in this study ADHD symptomatology did not differ 297 according to qualitatively-rated severity of perinatal brain lesions (unlike previous findings in 11 years 298 old children who were born extremely preterm (5)), future studies should include measures of brain 299 structure and function to further characterise the association between clinical risk and brain development 300 in order to better understand possible causative pathways leading to inattention in preterm children.
301
The idea that perinatal events can be implicated in the aetiology of psychiatric disorders has long 302 since been proposed (48) and several studies have supported this hypothesis by showing that preterm birth 303 may act as independent predictor of later psychopathology (49). The causal pathway to later psychiatric 304 disorder could be interpreted in the context of the neurodevelopmental sequelae of preterm birth (50), 305 although little is known about the neurobiological mechanisms leading to different ADHD subtypes. In 306 children with ADHD a double dissociation has been shown between resting state functional connectivity 307 in specific networks associated with inattentiveness and hyperactivity-impulsivity, indicating that 308 different brain alterations may characterise ADHD subtypes (30).
309
The early identification of a preterm profile characterised by inattentive ADHD symptomatology 310 associated with lower IQ and perinatal clinical risk suggests the need for early screening and educational 311 interventions aimed at improving specific attention problems in very preterm children, many of whom 312 exhibit academic difficulties at school age and are three times more likely to have special educational 313 needs than their term-born peers (51). Attention is a crucial requirement in school settings as it allows the 314 child to engage with classroom education activities. A strong relation between attention problems and 315 academic achievement has been shown in previous studies (even after accounting for IQ) (20) and 316 attention is considered one of the major areas of competence, which contribute to determine a successful 317 transition to school ("school readiness") (52). The use of easy and quick screening questionnaires, such as 318 the ADHD-RS-IV, could help to identify potential targets for the prevention of the escalation of academic 319 problems that have been associated with inattentiveness (53). This is especially important, given that 320 attention problems tend to be more persistent in time and more difficult to be detected in the school 321 setting compared to hyperactive/impulsive behaviours (10, 20). Moreover, preschool-age inattention is 322 associated with other areas of difficulty, including communication and socio-emotional skills (52).
323 Therefore, the allocation of additional support for very preterm children before school entry could enable 324 them to enter school on a more equal footing with their peers.
325
Environmental variables including socio-economic status have been studied as risk factors for 326 ADHD (54), although the majority of published studies have not differentiated between ADHD 327 symptoms subtypes. Our results showed that children from socially disadvantaged families had increased 328 hyperactive/impulsive but not inattentive ADHD symptoms. These findings and are in line with others, 329 showing selective associations between hyperactivity/impulsivity and environmental variables, i.e. an 330 unsupportive home environment (55). The relationship between socioeconomic disadvantage and ADHD 331 is likely to be intricate and may be mediated by other factors that are associated with lower socio-332 economic status, such as lower parental education and a less stimulating home environment (56).
333
Limitation of this study include the lack of a locally matched control group. This could have 334 influenced the results, possibly underestimating the level of problems experienced by very preterm 335 children (57). Strengths of this study include the use of a wide battery of tests and of a questionnaire 336 aimed at exploring ADHD subtypes, the use of a strict statistical procedure to correct for multiple testing, 337 the inclusion of children with NDD in the analysis, the use of data driven together with theory driven 338 approaches, the use of longitudinal information together with cross-sectional data.
339
In summary, this study shows that already during preschool age very preterm children are at 340 increased risk of sub-threshold ADHD symptoms, especially the inattentive type. Inattentive ADHD 341 symptoms were associated with intellectual functioning at time of assessment, and with perinatal clinical 342 risk, supporting the hypothesis of a possible neurobiological origin of ADHD. In light of these findings, 
